. Re-parameterized point charges (a.u.) energetically degenerate S1/S0 conical intersection region, the smallest energy gap being 23.5
kcal/mol in our computations. We conclude that the isomerization involving only the C5-C4-C3-C2 (υ) torsional reaction coordinate (i.e., a one-bond flip mechanism) is not allowed energetically in the S65T/H148D GFP mutant. 
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Figure S1
. unrelaxed S0 and relaxed S1) with respect to the rotation of the C5-
C4-C3-C2 (φ) dihedral angle (C3-C4 P-bond) of the p-HBDI chromophore in the S65T/H148D GFP mutant calculated at the CASPT2//CASSCF(12e,10o)/AMBER level. The chosen reaction coordinate eventually corresponds to the simple one-bond-flip isomerization around P-bond. The related isomerization barrier is also highlighted.

S7
Concerted Synchronous Hula-Twist Mechanism:
With the use of the minimum-energy path strategy, we also explored the synchronous hula-twist mechanism, i.e., the synchronous rotation around the C5-C4-C3-C2 (υ) and C4-C3-C2-C6 (τ) torsional angles. In our constrained optimizations, these two dihedral angles were simultaneously twisted to ca. 80° (see Figure S2 ). Along this concerted minimum-energy path, the dihedral angle (C5-C4-C3-H7) associated with the central C-H group is twisted out of the plane by more than 45° and there is a significant barrier in the S1 state (> 36 kcal/mol). Hence, this synchronous hula-twist mechanism should not contribute to the observed loss of fluorescence in the S65T/H148D GFP mutant. The results for the concerted asynchronous hula-twist mechanism are described in the main article. Figure S2 . unrelaxed S0 and relaxed S1) with respect to the simultaneous rotation of both C5-C4-C3-C2 (φ) and C4-C3-C2-C6 (τ) dihedral angles (C3-C4 P-bond and C2-C3 I-bond) -C3-C2-C6 dihedral angle is increased from -164° to -123°, the CH unit twists out of the plane only slightly (< 20°), and the S1-S0 energy gap remains large (on average > 30 kcal/mol). However, when the C4-C3-C2-C6 dihedral angle is further increased from -123° to -115°, the central CH unit is distorted out of the plane significantly (twist > 60°, see C5-C4-C3-H7 dihedral angle in Figure 2a ). This strongly raises the S0 energy and leads to an S1/S0 conical intersection (see discussion in the main article).
To further examine the role of this HOOP motion in the formation of the S1/S0 conical intersection, we optimized two S1 structures with the C5-C4-C3-H7 dihedral angle fixed at 160° and 150° (see Figure S3 and relative energies in Table S2 ). The corresponding S1-S0 energy gaps were computed to be 21.5 and 18.4 kcal/mol, respectively; they are much larger than the gap of 0.5 kcal/mol at the S1/S0 conical intersection (see Figure 2a) . Hence, significant HOOP motion is required to reach an S1/S0 conical intersection in the rigid protein surrounding. The HOOP motion is necessitated by the rigid cavity near the GFP chromophore (see discussion in the main article).
It should be stressed that such HOOP motion is not needed in the deactivation of the anionic fluorescent state in vacuo. Due to the missing steric constraints, the double-bond rotation can proceed smoothly without HOOP motion. This exemplifies the importance of the protein environment in choreographing the deactivation pathway of the anionic S1 fluorescent state. 
Optimized Structures
The structures optimized in the S0 and S1 states are schematically shown below: (a) the S65T/H148D GFP mutant, (b) in-vacuo. Selected key geometric parameters that are relevant to the excited-state proton transfer (reaction coordinate: O9-H10 distance) and to the photoisomerization (around the C4-C3-C2-C6 dihedral angle) are also given (see Sect. 6 for full Cartesian coordinates). Figure S2 of SI. 
, hartree), relative energies (E, kcal/mol), and MM energies (hartree) of optimized structures for photoisomerization (reaction coordinates: C5-C4-C3-C2 and C4-C3-C2-C6 dihedral angles) in the S65T/H148D GFP mutant. The corresponding energy profiles are plotted in
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